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1.0  PURPOSE & SCOPE OF SERVICES 

The purpose of the subsurface exploration and geotechnical engineering evaluation was to 

explore the subsurface conditions in the area of the proposed construction and provide 

geotechnical engineering recommendations that can be used during the design and construction 

phases of the project.  Evaluation of hydrologic aspects of pervious pavement design was not 

part of F&R’s scope of services.  F&R’s scope of services included the following: 

 Completion of 3 soil test borings (B-1 to B-3) to depths ranging from 9.5 to 10 feet below 
the existing ground surface; 

 Preparation of typed Boring Logs and development of a Subsurface Profile; 

 Performing geotechnical laboratory testing on representative soil samples; 

 Performing seasonal high water table (SHWT) determinations and field infiltration testing 
at three locations (I-1 to I-3); and, 

 Performing a geotechnical engineering evaluation of the subsurface conditions with 
regard to their suitability for the proposed construction. 

2.0 PROJECT INFORMATION 

Bradford Circle is currently a gravel road that extends about 325 feet to the east from South 

Alston Avenue in Durham, North Carolina.  The road has 8 single-family residential homes and 

terminates in a cul-de-sac at its east end (see Figure No. 1 in Appendix I).  The existing road slopes 

down from Alston Avenue to the east with a topographic relief of 12 feet for the first 250 feet of 

the road.  A cul-de-sac with a diameter of about 70 feet is situated at the east end of the road; 

the cul-de-sac is relatively level with approximately 1 to 2 feet of topographic relief.   

It is F&R’s understanding that the cul-de-sac and a short section of the road extending west from 

the cul-de-sac is planned to be designed as a pervious pavement section.  The remaining section 

of the road will be a conventional asphalt pavement using a standard City of Durham pavement 

section.  Although a final grading plan is not available at this stage of the project, F&R was 

informed by RK&K that the finished road grade in the areas of new pervious pavement will be 

approximately 1-foot above existing road grade. The street does not have regular truck or bus 

traffic, and the traffic consists of automobiles with occasional single-unit delivery truck and trash 

truck traffic, and random heavy truck traffic (e.g., moving van).  
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3.0 EXPLORATION PROCEDURES 

3.1 Subsurface Exploration 

F&R advanced a total of 3 soil test borings (B-1 to B-3) to depths ranging from 9.5 to 10 feet below 

the existing ground surface. The approximate boring locations are shown on the Field Testing Plan 

presented as Figure 1 in Appendix I.  The test boring locations were established in the field by making 

taped measurements from existing site features.  Ground surface elevations at the boring locations 

were interpolated from Durham County topographic data.  Given these methods of determination, 

the boring locations and ground surface elevations should only be considered approximate. 

The test borings were advanced by a track-mounted drill rig using 2-1/4” inside diameter (I.D.) 

hollow stem augers for borehole stabilization. Representative soil samples were obtained using 

a standard two-inch outside diameter (O.D.) split-barrel sampler in general accordance with 

ASTM D 1586, Penetration Test and Split-Barrel Sampling of Soils (Standard Penetration Test).  

The number of blows required to drive the split barrel sampler three, consecutive 6-inch 

increments with an automatic hammer is recorded, and the blows of the last two 6-inch 

increments are added to obtain the Standard Penetration Test (SPT) N-values representing the 

penetration resistance of the soil.   

A representative portion of the soil was obtained from each SPT sample, sealed in an eight-ounce 

glass jar, labeled, and transported to our laboratory for classification and analysis by a geotechnical 

engineer. The soil samples were classified in general accordance with the Unified Soil Classification 

System (USCS), using visual-manual identification procedures (ASTM D2488).  The boring logs for 

the exploration are presented in Appendix II.   

Groundwater level measurements were attempted at the termination of drilling.  Since the borings 

were located in an active road, the boreholes were backfilled immediately after drilling.  As such, 

stabilized groundwater readings after a stabilization period of 24-hours were not obtained. 
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3.2 SHWT and Field Infiltration Testing 

Seasonal high water table (SHWT) determinations and field infiltration testing were performed at 

three locations (I-1 to I-3).  The approximate test locations are shown on the Field Testing Plan 

presented as Figure 1 in Appendix I.  These services were performed by a North Carolina Licensed 

Soil Scientist from Three Oaks Engineering under a subcontract agreement with F&R.   

The infiltration testing was performed to assess infiltration rates of the subgrade soils using a 

double-ring infiltrometer in general accordance with ASTM D 3385-09.  At each test location, a pit 

with plan dimensions of approximately 4 by 4 feet was mechanically excavated  with a backhoe 

through the gravel road surface and into subgrade soils to establish a level surface.  The test 

methodology then consisted of driving two open cylinders, one inside the other into the ground, 

partially filling the rings with water and then maintaining the water at a constant level.  The volume 

of water added to the inner ring to maintain the water level constant is the measure of the volume 

of water that infiltrates the soil.  The volume of water infiltrated during timed intervals is converted 

to an incremental infiltration velocity and is expressed in inches per hour.  The results of the SHWT 

determinations and infiltration testing are included in Appendix III.  

3.3 Geotechnical Laboratory Testing 

Bulk soil samples of the roadway subgrade soils were obtained from each infiltration testing location 

for geotechnical laboratory testing.  The laboratory testing consisted of the following: 

 Classification testing (Atterberg Limits, Grain Size Analysis and Natural Moisture Content); 

 Standard Proctor Compaction testing (ASTM D698); 

 Permeability testing on re-molded samples using a flexible-wall permeameter in general 
accordance with ASTM D 5084.  Testing was at compaction levels of approximately 90, 93 
and 95 percent of the maximum dry density as determined by the Standard Proctor testing.  
The purpose of this testing was to assess permeability/infiltration rates at different degrees 
of compaction to aid F&R in recommending the design subgrade compaction criteria. 

 California Bearing Ratio (CBR) testing on re-molded samples at the same different 
compaction rates used for the permeability testing (i.e., 90, 93 and 95 percent) to provide 
subgrade strength data. 

The laboratory test results are presented in Appendix IV of this report. 
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4.0 REGIONAL GEOLOGY & SUBSURFACE CONDITIONS 

4.1 Regional Geology 

The project site is located within the Triassic Basin of the Piedmont Physiographic Province of North 

Carolina. The Piedmont Province generally consists of hills and ridges that are intertwined with an 

established system of draws and streams. The Triassic basin is filled with sedimentary rocks (e.g., 

Sandstone, Siltstone and Mudstone) that formed approximately 190-200 million years ago. The 

basin was formed when differential movement occurred along the Jonesboro Fault in this area. The 

differential movement resulted in a long, narrow, northeast-trending basin, which gradually filled 

with sediments eroded from upland areas of the surrounding topography. The sediments are 

thought to be several thousand feet deep and have resulted in sedimentary rock formations which 

are frequently encountered within 10 to 20 feet of the ground surface. The sedimentary Triassic 

Basin rock formations are commonly interspersed with Diabase dikes and sills that have intruded 

the sedimentary formations. 

The residual soils that overlie the weathered rock and bedrock in this area typically consist of silty 

clays and sandy clays, which can be highly plastic, but become less plastic with increased depth. 

These clayey soils typically transition into fine sandy silts and silty sands of increasing density to the 

top of Partially Weathered Rock. This transitional zone termed “Partially Weathered Rock” is 

typically found overlying the parent bedrock. Partially Weathered Rock (PWR) is defined, for 

engineering purposes, as soil material exhibiting Standard Penetration Resistances in excess of 100 

blows per foot (bpf). The profile of the PWR and hard rock is quite irregular and erratic, even over 

short, horizontal distances. 

4.2 Subsurface Conditions 

4.2.1 General 

The subsurface conditions discussed in the following paragraphs and those shown on the attached 

Boring Logs in Appendix II represent an estimate of the subsurface conditions based on an 

interpretation of the boring data from F&R using normally-accepted, geotechnical engineering 
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judgments. Although individual soil test borings are representative of the subsurface conditions at 

the boring locations on the dates shown, they are not necessarily indicative of subsurface conditions 

at other locations or at other times. A Subsurface Profile has been prepared from the boring data to 

graphically illustrate the subsurface conditions encountered at the site. The Subsurface Profile is 

presented as Figure No. 2 in Appendix I. Strata breaks designated on the boring logs and subsurface 

profile represent approximate boundaries between soil types. The transition from one soil type to 

another may be gradual or occur between soil samples. This section of the report provides a general 

discussion of subsurface conditions encountered in F&R’s borings within areas of proposed 

construction. More detailed descriptions of the subsurface conditions at the individual boring 

locations are presented on the boring logs provided in Appendix II. 

4.2.2 Surficial Materials  

Gravel was encountered at the ground surface at each boring and infiltration test location.  The 

gravel appeared to consist of well graded quarried stone that had become somewhat 

contaminated with soil materials.  The gravel thickness varied considerably with thickness 

increasing to the east.  The approximate gravel thicknesses are presented in the following table: 

LOCATION B-1 I-3 I-2 B-2 I-1 B-3 

GRAVEL THICKNESS (IN.) 2 5 4 9 12 15 

 

4.2.3 Residual Materials 

Residual soils were encountered below the surficial gravel layer and consist of low plasticity fine 

sandy silt, clayey silt and silty clay (USCS – CL, ML and CL/ML soils).   The consistency of the soils 

was very stiff to very hard with SPT N-values ranging from 19 to 63 blows per foot (bpf).  Boring 

B-2 was terminated in very hard residual soils.  PWR was encountered in borings B-1 and B-3 at 

depths of 9.5 and 7.5 feet, respectively.  PWR is defined for engineering purposes as material 

that exhibits an SPT N-value of at least 100 blows per foot (bpf). The SPT N-value in the PWR 

exhibited 50 blows with 4” of split spoon penetration (50/4”) to 50/5.5”. 
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4.3 Soil Moisture and Groundwater Conditions 

The moisture condition of the soil samples ranged from dry to moist.  Wet soils were not 

encountered in the borings.  Groundwater was not encountered during or immediately after 

drilling at which time the borings were backfilled because the road is currently being used. 

It should be noted that soil moisture conditions and groundwater levels fluctuate depending 

upon seasonal factors such as precipitation and temperature. As such, soil moisture and 

groundwater conditions at other times may vary from those described in this report. Due to the 

presence of relatively impervious soils, trapped or perched water conditions may be encountered 

during periods of inclement weather and during seasonally wet periods. 

5.0 SHWT & INFILTRATION TESTING RESULTS 

The results of the SHWT determinations and field infiltration testing are presented in the 

following table and in Appendix III. 

Seasonal High Water Table Determinations (depth below ground surface) 

Test Location SHWT Perched Water Table 

I-1 None Observed (> 41 inches) 25 to 27 inches 

I-2 None Observed (> 98 inches) 14 to 26 & 80 to 98 inches 

I-3 None Observed (> 92 inches) 8 to 28 & 44 to 92 inches 

 

Field Infiltration Testing 

Test  
Location 

Test Depth 
 (inches) 

Infiltration Rate 

(in/hr) (cm/sec) 

I-1 25 0.018 1.27 x 10-5 

I-2 14 0.072 5.08 x 10-5 

I-3 8 0.198 1.40 x 10-4 

Evidence of a SHWT was not noted; however, perched water conditions were noted at various 

depth intervals.  The hand auger boring for the SHWT determination at I-1 was terminated at 41 

inches due to auger refusal, but refusal was not encountered in I-2 and I-3.  The infiltration testing 

resulted in infiltration rates ranging an order of magnitude from 0.018 to 0.198 inches/hour. 
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6.0 GEOTECHNICAL LABORATORY TESTING RESULTS 

The results of the geotechnical index testing are presented in Appendix IV, and a summary of 

the permeability testing and CBR testing is presented in the following tables: 

Test Location 

LAB PERMEABILITY TESTING OF SUBGRADE SAMPLES 

Permeability (cm/sec) at % of Standard Proctor Maximum Dry Density 

90% 93% 95% 

I-1 1.8 x 10-5 1.5 x 10-5 4.2 x 10-6 

I-2 3.9 x 10-7 4.0 x 10-7 2.6 x 10-7 

I-3 3.1 x 10-7 1.9 x 10-7 3.4 x 10-8 

 

Test Location 

LAB CBR TESTING OF SUBGRADE SAMPLES 

Average CBR Value at 0.1” Penetration at % of Standard Proctor 
Maximum Dry Density 

90% 93% 95% 

I-1 1.8 3.4 3.2 

I-2 0.9 2.5 2.1 

I-3 0.7 2.3 2.7 

 

The permeability testing indicates that the subgrade soils are relatively impermeable at all of the 

different re-molded compaction rates, with the sample from I-1 being somewhat more 

permeable that the samples from I-2 and I-3.  These results are in the range of published values 

for low plasticity silts and clays.  As expected, the CBR results generally increased as the re-

molded compaction level increased.   However, in general, the CBR results at 93% and 95% were 

relatively close and in some cases the CBR value at 93% compaction exceeded the results for 

samples remolded to 95% compaction.  CBR results in the 2 to 3 range are consistent with CBR 

testing that F&R has performed on Triassic silts and clay samples for many past projects. 

 

 



 

RK&K Bradford Circle  
F&R Project No. 66V-0293 August 23, 2018 

8 

7.0 GEOTECHNICAL RECOMMENDATIONS 

7.1 General 

The conclusions and recommendations contained in this section of the report are based upon the 

results of 3 soil test borings, SHWT and infiltration testing, geotechnical laboratory testing results, 

our experience with pavement design, and the information provided to us regarding the proposed 

development. It is our opinion that the subsurface conditions encountered at the project site are 

generally suitable for the proposed development, from a geotechnical perspective, provided the 

recommendations presented in subsequent sections of this report are followed throughout the 

design and construction phases of this project.  Although infiltration and permeability rates for the 

subgrade soil are relatively low, it is F&R’s understanding from RK&K that the site subsurface 

conditions are suitable to support the pervious pavements systems from a hydrologic perspective.    

This report provides geotechnical recommendations for both pervious concrete pavement and 

porous asphalt pavement.  For both types of pavement, it is very important that the paving 

contractors have demonstrated prior successful experience constructing similar pervious/porous 

pavements.  F&R recommends that all contractors be pre-qualified, and F&R would like to be 

included in this phase of the project.  Similarly, for the pavement system to perform successfully, it 

equally important that the contractor follow construction procedures that will be presented in this 

report, the contract plans and specifications, as well as readily available trade association guidance.  

Following construction, continued successful performance of pervious/porous pavements is 

contingent upon proper maintenance as pervious/porous pavements require more maintenance (to 

maintain the desired permeability of the pavement section) than conventional concrete or asphalt 

pavement sections. 

7.2 Pervious Concrete Pavement Design 

F&R’s evaluation of concrete pavement section thickness is based on design methodology 

included in ACI 325.12R-02, Guide for the Design of Jointed Concrete Pavements for Streets and 

Local Roads, as well as a Washington State DOT research report, Preliminary Procedures for 

Structural Design of Pervious Concrete Pavements.  F&R recommends that the pavement section 
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consist of 8-inches of pervious concrete overlying an 8-inch thick base course of uniformly graded 

free-draining washed stone such as NCDOT #57 stone.  F&R recommends that a non-woven 

geotextile filter fabric (such as Mirafi 140N) be placed between the fine grained subgrade soils 

and the base course to maintain separation and prevent migration of the fine subgrade soils into 

the base course that will serve as a recharge bed for stormwater.  The pervious concrete should 

have a 28-day design flexural strength of at least 450 psi.  The contractor shall submit a concrete 

mix design to the designer for approval prior to construction.   

Pervious concrete pavements should be constructed in general accordance with technical 

guidance provided in ACI 522R-10, Report on Pervious Concrete, and ACI 522.1-13, Specification 

for Pervious Concrete Pavement should be considered when preparing the project specifications.  

These documents provide guidance on concrete batching/mixing, transportation, placement and 

consolidation, finishing, jointing, curing, protection, inspection, testing and long-term 

maintenance of pervious concrete pavements.  As indicated in the referenced documents, F&R 

recommends that two test panels be constructed by the contractor using the same concrete mix 

as will be used for the production concrete and the same means and methods as will be used 

during construction.   

Transverse and longitudinal contraction joints should be constructed in the new concrete to 

control cracking.  It is recommended that individual sections of jointed concrete be as close to 

square as possible and the length to width (L:W) ratio of each section should not be greater than 

1.25 Long to 1.0 Wide.  It is recommended that longitudinal and transverse contraction joints be 

located on a spacing of no greater than 12 feet. The use keyways or keyed construction joints is 

not recommended.  In areas where the concrete will be placed against fixed objects (e.g., 

buildings, drop inlets, manholes, light bases, etc.), isolation/expansion joints should be 

constructed.  Curing of the concrete surface is important to assure proper hydration and to help 

assure the concrete achieves its potential strength and durability.  More detailed design and 

construction guidance can be found in the previously referenced ACI documents.   In addition, 

pavements should be constructed in accordance with applicable sections of the NCDOT Standard 
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Specifications for Roads and Structures.  F&R should be afforded an opportunity to review the 

pavement design plans prior to final design.   

7.3 Porous Asphalt Pavement Design 

F&R’s evaluation of asphalt pavement section thickness is based on design methodology included 

in the National Asphalt Pavement Association IS 140, Structural Design Guidelines for Porous 

Asphalt Pavements and the FHWA-HIF-15-009, Porous Asphalt Pavements with Stone Reservoirs. 

F&R recommends that the pavement section consist of 5-inches porous asphalt pavement 

overlying a 12-inch thick base course of uniformly graded free-draining washed stone.  The 

porous asphalt should utilize an aggregate gradation similar to Open-Graded Friction Course 

(OGFC).  The base course will serve as a recharge bed for stormwater that permeates through 

the pavement surface.  For porous asphalt pavements, there are a variety of base course 

materials that can be used including large stone such as NCDOT #4 stone or AASHTO #3 stone.  

To facilitate paving and stabilize the surface for the paving equipment, a thin choker course such 

as NCDOT #57 or #67 stone is typically placed at the surface of the base course.  The pavement 

surface should be placed in at least 2 layers and in individual single layer maximum thicknesses 

as required by NCDOT.  F&R recommends that a non-woven geotextile filter fabric (such as Mirafi 

140N) be placed between the fine grained subgrade soils and the base course to maintain 

separation and prevent migration of the fine subgrade soils into the base course.   

The contractor shall submit an asphalt mix design to the designer for approval prior to 

construction. Porous asphalt pavements should be constructed in general accordance with the 

previously referenced documents as well applicable sections of the NCDOT Standard 

Specifications for Roads and Structures that includes information regarding materials, weather 

limitations, placement, compaction, inspection, testing and long-term maintenance of pervious.  

Porous asphalt pavements should never be seal coated of have cracks sealed. F&R should be 

afforded an opportunity to review the pavement design plans prior to final design.   

  



 

RK&K Bradford Circle  
F&R Project No. 66V-0293 August 23, 2018 

11 

7.4 Site Development and Earthwork 

For pervious/porous pavements, the soil subgrade and pavement surface should be constructed 

as flat as flat as possible.  The pavement should not be crowned, and the subgrade should slope    

no more than 2%.  In order to create a near-flat subgrade, the subgrade surface can be terraced 

and/or earth berms (or baffles) can be incorporated into the subgrade. 

Initial site preparation should include the removal of existing gravel, surficial organic soils, roots, 

vegetation and any other deleterious materials from the proposed construction area and 

extending a distance of at least 5 feet beyond the construction perimeter.  Following the stripping 

of deleterious material from proposed structural areas, the exposed subgrade soils at the finished 

subgrade level and in fill sections should be evaluated by a geotechnical engineer.  This evaluation 

may include proofrolling the subgrade with a loaded tandem axle dump truck, scraper, or other 

similar type of construction equipment to confirm the stability of the subgrade soils. If unstable 

conditions are revealed, the method of repair should be as directed by the project geotechnical 

engineer.  Based on the results of the borings, soft subgrade are not anticipated.  

Based on the proposed pavement finished grade being no more than 1-foot above existing site 

grades, it is assumed that the subgrade will consist of native soils.  If structural fill is required, the 

low plasticity on-site soils will be suitable for use as structural fill material provided they are at a 

moisture content suitable to achieve proper compaction and be stable.  If soils are required to be 

imported to the site to achieve subgrade levels, F&R recommends that a qualified geotechnical 

engineer or engineering technician working under the direction of the geotechnical engineer 

approve the suitability of the imported soils prior to their delivery to the site.  Imported structural 

fill should consist of low plasticity soil (LL<35, PI<20), have a maximum dry density of at least 100 

pcf, and be free or organic and other deleterious materials.  

In order to promote infiltration for the pervious pavement area, F&R recommends that the soil 

subgrade immediately below the pervious washed stone base course be scarified to a depth of 12 

inches and be recompacted to between 93 and 95 percent of the Standard Proctor maximum dry 

density as determined by ASTM D-698.  F&R does not recommend a higher degree of subgrade 
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compaction in the pervious pavement area and precautions should be taken to assure the subgrade 

is not compacted above this range.  In area of the site where conventional pavements will be utilized, 

the subgrade should be compacted to at least 100% of the Standard Proctor maximum dry density 

and in accordance with other City of Durham pavement construction practices.  

All other structural earth fill and backfill should be compacted to at least 95 percent of the Standard 

Proctor maximum dry density as determined by ASTM D-698.  Structural earth fill should be placed 

in loose lifts not exceeding 8 inches when large self-propelled compaction equipment is being 

utilized and in lifts not exceeding 4 inches for small/light compaction equipment (e.g., walk behind 

Rammax roller).  All structural earth fill should be compacted at a moisture content within 3 percent 

of the optimum moisture content.  All structural fill material should be placed and compacted under 

the full-time control and supervision of a qualified geotechnical engineer or engineering technician 

working under the direction of the geotechnical engineer. The placement and compaction of all fill 

material should be tested at frequent intervals in order to confirm that the recommended degree 

of compaction is achieved. 

The on-site soils have sufficient silt/clay content to render them moisture sensitive. The on-site soils 

will become unstable (i.e., pump and rut) during normal construction activities when in the presence 

of excess moisture. Soils with a moisture content greater than three percent above the optimum 

moisture content are generally considered to have excessive moisture. During earthwork and 

construction activities, surface-water runoff must be drained away from construction areas to 

prevent water from ponding on or saturating the soils within excavations or on subgrades.  It is 

recommended that earthwork be performed during the summer and early fall months when the 

weather conditions are more conducive to moisture conditioning of fill materials. 

7.5 Temporary Excavation Recommendations 

Mass excavations and other excavations required for construction of this project should be 

performed in accordance with the United States Department of Labor, Occupational Safety and 

Health Administration (OSHA) guidelines (29 CFR 1926, Subpart P, Excavations), or other 

applicable jurisdictional codes for permissible temporary side-slope ratios and/or shoring 
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requirements. The OSHA guidelines require daily inspections of excavations, adjacent areas and 

protective systems by a “competent person” for evidence of situations that could result in cave-

ins, indications of failure of a protective system, or other hazardous conditions. All excavated 

soils, equipment, building supplies, etc., should be placed away from the edges of excavations at 

a distance equaling or exceeding the depth of the excavation. F&R cautions that the actual 

excavation slopes will need to be evaluated frequently each day by the “competent person” and 

flatter slopes or the use of shoring may be required to maintain a safe excavation depending 

upon excavation-specific circumstances. The contractor is responsible for providing the 

“competent person” and all aspects of site excavation safety. F&R can evaluate specific 

excavation slope situations if we are informed and requested by the owner, designer or 

contractor’s “competent person”.  

8.0 CONTINUATION OF SERVICES 

A  Geotechnical Engineer and/or civil engineering technician working under his supervision should 

be retained to monitor and test earthwork activities, observe subgrade preparations and observe 

paving operations.  It should be noted that the actual soil conditions at the various subgrade levels 

will vary across this site and thus the presence of the Geotechnical Engineer and/or his 

representative during construction will serve to validate the subsurface conditions and 

recommendations presented in this report.   A geotechnical engineer should be employed to 

monitor construction, and to report that the recommendations contained in this report are 

completed in a satisfactory manner.  The continued geotechnical engineering involvement on the 

project will aid in the proper implementation of the recommendations discussed herein. The 

following is a recommended scope of services: 

 Review of project plans and construction specifications to verify that the recommendations 
presented in this report have been properly interpreted and implemented; 

 Review contractor submittals regarding pervious/porous pavement; 

 Observe the earthwork process to document that subsurface conditions encountered during 
construction are consistent with the conditions anticipated in this report; 
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 Observe the subgrade conditions before placing structural fill including proofroll observations;  

 Observe the placement and compaction of any structural fill and backfill, and perform laboratory 
and field compaction testing of the fill; and, 

 Observe and perform testing during pavement construction. 

9.0  LIMITATIONS 

This report has been prepared for the exclusive use of RK&K and/or their agents, for specific 

application to the referenced project in accordance with generally accepted soil and foundation 

engineering practices. No other warranty, express or implied, is made. Our evaluations and 

recommendations are based on design information furnished to us, the data obtained from the 

subsurface exploration program, and generally-accepted geotechnical engineering practice. The 

evaluations and recommendations do not reflect variations in subsurface conditions which could 

exist intermediate of the boring locations or in unexplored areas of the site. Should such variations 

become apparent during construction, it will be necessary to re-evaluate our recommendations 

based upon on-site observations of the conditions. 

There are important limitations to this and all geotechnical studies. Some of these limitations are 

discussed in the information prepared by GBA, which is included in Appendix IV.  We ask that you 

please review this GBA information. 

Regardless of the thoroughness of a subsurface exploration, there is the possibility that conditions 

between borings will differ from those at the boring locations, that conditions are not as anticipated 

by the designers, or that the construction process has altered the soil conditions. Therefore, 

experienced geotechnical engineers should evaluate earthwork and pavement construction to 

observe that the conditions anticipated in design actually exist. Otherwise, we assume no 

responsibility for construction compliance with the design concepts, specifications, or 

recommendations. 

In the event that changes are made in the proposed construction, the recommendations presented 

in the report shall not be considered valid unless the changes are reviewed by our firm and 

conclusions of this report modified and/or verified in writing. If this report is copied or transmitted 
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to a third party, it must be copied or transmitted in its entirety, including text, attachments, and 

enclosures. Interpretations based on only a part of this report may not be valid.   



 

 

 

 

 

 

 

 

 

 

 

APPENDIX I 

FIGURES 

  







 

 

 

 

 

 

 

APPENDIX II 

BORING LOGS 

  













 

 

 

 

 

 

 

APPENDIX III 
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GEOTECHNICAL LABORATORY TEST RESULTS 

  



















FROEHLING & ROBERTSON, INC.
California Bearing Ratio Test Report

0.1 in Pen. 2.9 2.6

SOAKED CBR TEST RESULTS
 Results I-03 (A) [95%] I-03 (B) [95%]

Moisture (%) 12.7 13.1
0.2 in Pen. 2.9 2.6

Final Moisture (%) 16.9 16.8
Density (pcf) 114.5 113.9

Project Information Natural Moisture (%)
Project Name: Bradford Circle I-03 (95%) 12.4

Final Density (pcf) 114.9 114.7

Client Name: RK&K
Project Number: 66V-0293 Percent Swell A B
Date Received: 5/9/2018 I-03 (95%) 2.490 2.560

Project Location: Durham, North Carolina

I-03 (95%) Dark Red/Brown, SANDY LEAN CLAY 119.3 12.6

Sample Information Proctor Value  (ASTM D-698)

Sample Number Classification Max. Dry Density (pcf) Optimum Moisture %

Sample Number Sample Location USCS % - #200
I-03 (95%) I-3 CL 65.8
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Project: Bradford Circle Date:

Client: City of Durham Sample No:

Project No: 66V-0293 Location:

Elapsed Head Inflow Outflow Average Flow Temp Permeability 

DATE Time Time (sec) water (cm) Burette (cc) Burette (cc) Flow (cm) Ratio (C°) cm/sec

06/27/18 13:00:00 0 74.93 0.00 10.00 0 0 22.4

06/27/18 13:01:00 60.0 67.13 1.56 8.24 8.34 1.128 22.4 3.7E-05

06/27/18 13:02:00 60.0 62.13 2.56 7.00 5.63 1.240 22.4 2.5E-05

06/27/18 13:03:00 60.0 56.73 3.64 5.90 5.48 1.019 22.4 2.8E-05

06/27/18 13:04:00 60.0 51.43 4.70 4.80 5.43 1.038 22.4 2.8E-05

06/27/18 13:05:00 60.0 47.43 5.50 4.00 4.02 1.000 22.4 2.2E-05

06/27/18 13:06:00 60.0 43.23 6.34 3.18 4.17 0.976 22.4 2.4E-05

06/27/18 13:07:00 60.0 39.63 7.06 2.42 3.72 1.056 22.4 2.1E-05

06/27/18 13:08:00 60.0 36.23 7.74 1.80 3.27 0.912 22.4 2.0E-05

06/27/18 13:09:00 60.0 33.23 8.34 1.16 3.12 1.067 22.4 1.8E-05

06/27/18 13:10:00 60.0 30.43 8.90 0.60 2.81 1.000 22.4 1.7E-05

06/27/18 13:11:00 60.0 27.93 9.40 0.10 2.51 1.000 22.4 1.6E-05

1.8E-05

Inflow Outflow Cell Head Tail

Area Area PSI PSI PSI

0.20 0.20 54.0 51.0 49.6

98.49

Date:

I-01 (90.7%)

1.0' - 2.0'

05/09/18

Drew Council

HYDRAULIC CONDUCTIVITY

Using A Flexible Wall Permeameter

6/27/2018Performed By:

Average Permeability cm/sec. Pressures

ASTM D-5084
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Project: Bradford Circle Date:

Client: RK&K Sample No:

Project No: 66V-0293 Location:

Elapsed Head Inflow Outflow Average Flow Temp Permeability 

DATE Time Time (sec) water (cm) Burette (cc) Burette (cc) Flow (cm) Ratio (C°) cm/sec

06/27/18 9:23:00 0 74.93 0.00 10.00 0 0 22.4

06/27/18 9:39:00 960.0 72.33 0.52 9.42 2.76 1.115 22.4 5.8E-07

06/27/18 10:01:00 1320.0 69.43 1.10 8.72 3.21 1.207 22.4 4.7E-07

06/27/18 10:26:00 1500.0 66.13 1.76 8.02 3.42 1.061 22.4 4.8E-07

06/27/18 10:47:00 1260.0 63.63 2.26 7.50 2.56 1.040 22.4 4.4E-07

06/27/18 11:17:00 1800.0 59.93 3.00 6.72 3.82 1.054 22.4 4.6E-07

06/27/18 11:42:00 1500.0 57.13 3.56 6.16 2.81 1.000 22.4 4.3E-07

06/27/18 12:13:00 1860.0 53.63 4.26 5.48 3.47 0.971 22.4 4.3E-07

06/27/18 12:48:00 2100.0 50.23 4.94 4.78 3.47 1.029 22.4 3.8E-07

06/27/18 13:13:00 1500.0 47.73 5.44 4.28 2.51 1.000 22.4 4.0E-07

06/27/18 13:29:00 960.0 46.13 5.76 3.96 1.61 1.000 22.4 4.0E-07

06/27/18 13:50:00 1260.0 44.23 6.14 3.58 1.91 1.000 22.4 3.7E-07

3.9E-07

Inflow Outflow Cell Head Tail

Area Area PSI PSI PSI

0.20 0.20 65.0 62.8 60.6

154.77

Date:

05/09/18

I-02 (90.7%)

1.0' - 2.0'

Drew Council

HYDRAULIC CONDUCTIVITY

Using A Flexible Wall Permeameter

7/10/2018Performed By:

Average Permeability cm/sec. Pressures

ASTM D-5084
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Project: Bradford Circle Date:

Client: City of Durham Sample No:

Project No: 66V-0293 Location:

Elapsed Head Inflow Outflow Average Flow Temp Permeability 

DATE Time Time (sec) water (cm) Burette (cc) Burette (cc) Flow (cm) Ratio (C°) cm/sec

06/27/18 14:10:00 0 74.23 0.14 9.50 0 0 21.4

06/27/18 14:48:00 2280.0 71.13 0.76 8.88 3.12 1.000 21.6 3.9E-07

06/27/18 15:17:00 1740.0 69.03 1.18 8.48 2.06 0.952 21.6 3.5E-07

06/27/18 15:57:00 2400.0 66.33 1.72 7.90 2.81 1.074 21.6 3.4E-07

06/28/18 8:23:00 59160.0 36.43 7.70 1.28 31.65 1.107 21.7 1.7E-07

3.1E-07

Inflow Outflow Cell Head Tail

Area Area PSI PSI PSI

0.20 0.20 53.6 50.6 49.2

98.49

Date:

05/09/18

I-03 (90.1%)

1.0' - 2.0'

6/27/2018Performed By:

Average Permeability cm/sec. Pressures

ASTM D-5084

Drew Council
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Using A Flexible Wall Permeameter
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Project: Bradford Circle Date:

Client: City of Durham Sample No:

Project No: 66V-0293 Location:

Elapsed Head Inflow Outflow Average Flow Temp Permeability 

DATE Time Time (sec) water (cm) Burette (cc) Burette (cc) Flow (cm) Ratio (C°) cm/sec

06/27/18 13:06:00 0 74.93 0.00 10.00 0 0 22.4

06/27/18 13:07:00 60.0 72.93 0.40 9.34 2.66 1.650 22.4 9.4E-06

06/27/18 13:08:00 60.0 68.93 1.20 8.58 3.92 0.950 22.4 1.9E-05

06/27/18 13:09:00 60.0 64.93 2.00 7.76 4.07 1.025 22.4 2.0E-05

06/27/18 13:10:00 60.0 61.43 2.70 7.04 3.57 1.029 22.4 1.8E-05

06/27/18 13:11:00 60.0 57.93 3.40 6.30 3.62 1.057 22.4 1.8E-05

06/27/18 13:12:00 60.0 54.93 4.00 5.70 3.02 1.000 22.4 1.6E-05

06/27/18 13:13:00 60.0 51.83 4.62 5.10 3.07 0.968 22.4 1.7E-05

06/27/18 13:14:00 60.0 48.93 5.20 4.54 2.86 0.966 22.4 1.6E-05

06/27/18 13:15:00 60.0 45.83 5.82 3.90 3.17 1.032 22.4 1.7E-05

06/27/18 13:16:00 60.0 43.63 6.26 3.46 2.21 1.000 22.4 1.2E-05

06/27/18 13:19:00 180.0 36.93 7.60 2.16 6.63 0.970 22.4 1.3E-05

1.5E-05

Inflow Outflow Cell Head Tail

Area Area PSI PSI PSI

0.20 0.20 53.5 50.5 49.1

98.49

Date:

05/09/18

I-01 (93.1%)

1.0' - 2.0'

6/27/2018Performed By:

Average Permeability cm/sec. Pressures

ASTM D-5084
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Project: Bradford Circle Date:

Client: RK&K Sample No:

Project No: 66V-0293 Location:

Elapsed Head Inflow Outflow Average Flow Temp Permeability 

DATE Time Time (sec) water (cm) Burette (cc) Burette (cc) Flow (cm) Ratio (C°) cm/sec

06/27/18 9:24:00 0 74.93 0.00 10.00 0 0 22.4

06/27/18 9:39:00 900.0 72.33 0.52 9.28 3.11 1.385 22.4 6.0E-07

06/27/18 10:01:00 1320.0 69.23 1.14 8.54 3.42 1.194 22.4 4.9E-07

06/27/18 10:26:00 1500.0 65.63 1.86 7.76 3.77 1.083 22.4 5.1E-07

06/27/18 10:46:00 1200.0 62.93 2.40 7.20 2.76 1.037 22.4 4.8E-07

06/27/18 11:18:00 1920.0 58.93 3.20 6.36 4.12 1.050 22.4 4.5E-07

06/27/18 11:41:00 1380.0 56.03 3.78 5.78 2.91 1.000 22.4 4.7E-07

06/27/18 12:14:00 1980.0 52.23 4.54 5.00 3.87 1.026 22.4 4.3E-07

06/27/18 12:47:00 1980.0 48.53 5.28 4.26 3.72 1.000 22.4 4.3E-07

06/27/18 13:13:00 1560.0 45.73 5.84 3.70 2.81 1.000 22.4 4.2E-07

06/27/18 13:28:00 900.0 44.23 6.14 3.40 1.51 1.000 22.4 3.9E-07

06/27/18 13:51:00 1380.0 42.03 6.58 2.96 2.21 1.000 22.4 3.8E-07

4.0E-07

Inflow Outflow Cell Head Tail

Area Area PSI PSI PSI

0.20 0.20 65.0 62.8 60.5

161.81

Date:

05/09/18

I-02 (92.2%)
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7/10/2018Performed By:
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Project: Bradford Circle Date:

Client: City of Durham Sample No:

Project No: 66V-0293 Location:

Elapsed Head Inflow Outflow Average Flow Temp Permeability 

DATE Time Time (sec) water (cm) Burette (cc) Burette (cc) Flow (cm) Ratio (C°) cm/sec

06/27/18 14:10:00 0 74.63 0.06 9.64 0 0 22.4

06/27/18 14:48:00 2280.0 73.73 0.24 8.92 2.25 4.000 22.4 1.1E-07

06/27/18 15:18:00 1800.0 72.83 0.42 8.58 1.30 1.889 22.4 1.4E-07

06/27/18 15:59:00 2460.0 71.53 0.68 8.14 1.76 1.692 22.4 1.5E-07

06/28/18 8:23:00 59040.0 50.73 4.84 2.94 23.51 1.250 22.4 1.1E-07

06/28/18 9:21:00 3480.0 49.93 5.00 2.78 0.80 1.000 22.4 7.5E-08

06/28/18 11:05:00 6240.0 47.03 5.58 2.18 2.96 1.034 22.4 1.5E-07

06/28/18 12:00:00 3300.0 42.83 6.42 1.32 4.27 1.024 22.4 4.3E-07

1.9E-07

Inflow Outflow Cell Head Tail

Area Area PSI PSI PSI

0.20 0.20 53.8 50.8 49.4

98.49

Date:

05/09/18
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Project: Bradford Circle Date:

Client: City of Durham Sample No:

Project No: 66V-0293 Location:

Elapsed Head Inflow Outflow Average Flow Temp Permeability 

DATE Time Time (sec) water (cm) Burette (cc) Burette (cc) Flow (cm) Ratio (C°) cm/sec

06/27/18 13:12:00 0 74.93 0.00 10.00 0 0 22.4

06/27/18 13:13:00 60.0 73.43 0.30 9.62 1.71 1.267 22.4 7.0E-06

06/27/18 13:14:00 60.0 72.13 0.56 9.34 1.36 1.077 22.4 6.1E-06

06/27/18 13:15:00 60.0 70.93 0.80 9.10 1.21 1.000 22.4 5.7E-06

06/27/18 13:17:00 120.0 68.53 1.28 8.58 2.51 1.083 22.4 5.8E-06

06/27/18 13:20:00 180.0 65.53 1.88 7.90 3.22 1.133 22.4 4.9E-06

06/27/18 13:24:00 240.0 61.13 2.76 7.10 4.22 0.909 22.4 5.5E-06

06/27/18 13:27:00 180.0 58.33 3.32 6.54 2.81 1.000 22.4 4.8E-06

06/27/18 13:31:00 240.0 54.73 4.04 5.84 3.57 0.972 22.4 4.7E-06

06/27/18 13:34:00 180.0 52.23 4.54 5.34 2.51 1.000 22.4 4.4E-06

06/27/18 13:41:00 420.0 47.23 5.54 4.34 5.03 1.000 22.4 3.9E-06

06/27/18 13:56:00 900.0 37.83 7.42 2.48 9.40 0.989 22.4 3.6E-06

4.2E-06

Inflow Outflow Cell Head Tail

Area Area PSI PSI PSI

0.20 0.20 53.5 50.5 49.1
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Project: Bradford Circle Date:

Client: City of Durham Sample No:

Project No: 66V-0293 Location:

Elapsed Head Inflow Outflow Average Flow Temp Permeability 

DATE Time Time (sec) water (cm) Burette (cc) Burette (cc) Flow (cm) Ratio (C°) cm/sec

06/27/18 14:10:00 0 74.53 0.08 10.00 0 0 22.0

06/27/18 14:49:00 2340.0 74.03 0.18 9.82 0.70 1.800 22.0 6.1E-08

06/27/18 15:18:00 1740.0 73.93 0.20 9.76 0.20 3.000 22.0 1.6E-08

06/27/18 16:00:00 2520.0 73.73 0.24 9.66 0.35 2.500 22.0 2.3E-08

06/28/18 8:24:00 59040.0 67.73 1.44 8.50 5.93 0.967 22.0 2.9E-08

06/28/18 9:21:00 3420.0 67.43 1.50 8.44 0.30 1.000 22.0 2.6E-08

06/28/18 11:10:00 6540.0 66.93 1.60 8.34 0.50 1.000 22.0 2.3E-08

06/28/18 12:00:00 3000.0 66.33 1.72 8.22 0.60 1.000 22.0 5.9E-08

3.4E-08

Inflow Outflow Cell Head Tail

Area Area PSI PSI PSI

0.20 0.20 54.0 51.0 49.6

98.49

Date:

05/09/18

I-03 (96.1%)

1.0' - 2.0'

6/27/2018Performed By:

Average Permeability cm/sec. Pressures

ASTM D-5084

Drew Council
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